A. Device details
We imaged three Hall bars, denoted by H1, H2 and H3. H1 and H2 were fabricated from quantum well structures with a HgTe layer thicker than the critical thickness, whereas H3 was fabricated from a quantum well structure with a HgTe layer thinner than the critical thickness. The quantum well structures are shown in Fig. S1 . The Hall bars were patterned using optical lithography. Ar ion-milling is used to define mesas. In/Au in the case of H1 and Au/Ge in the case of H2 and H3 is evaporated to create ohmic contacts to the quantum wells. The Hall bars are covered with a 40 nm thick Al 2 O 3 gate insulator and a Ti (5 nm)-Au (50 nm) gate electrode which was also patterned using optical lithography. See Ref. 25 for more details on the fabrication process. For imaging we only contact the two top voltage probes of the Hall bars (see Fig. 1b ). Therefore we only measure FIG. S1. a, Schematic showing the layers of the quantum well structures from which Hall bars H2 and H3 were fabricated. The quantum well thickness, dQW, is 8.5 nm for H2 and 5 nm for H3. b, Schematic showing the layers of the quantum well structure from which Hall bar H1 was fabricated. The quantum well thickness, dQW, is 6.6 nm. Quantum well thicknesses are determined by X-ray reflectivity.
the two-terminal resistance, R 2T . In table I we summarize additional transport characterization of devices H1 and H2 performed in a different measurement set-up at a temperature of approximately 4 K. We have not performed four-terminal measurements of H3.
Based on the densities extracted at top gate voltages V TG = 0 V and V TG = −1 V measured on H1 and H2 and the fact that the resistance peak in the imaging and characterization measurement runs are at similar V TG and have a similar width, we conclude that we tune the Fermi level of H1 from the conduction band through the bulk energy gap into the valence band using the top gate during imaging. Imaging was done in two different scanning SQUID systems. H2 and H3 were imaged in a 4 K system, while H1 was imaged in our dilution refrigerator system, however only with the 1K pot but not the circulation running, such that the temperature was approximately 3 K. The SQUIDs are operated in a flux locked loop, such that the SQUID response is linear in the flux through the pickup loop with a well-characterized slope 24 . All presented images and line cuts were taken by applying an AC current to the Hall bar and recording the SQUID signal using a lock-in amplifier. The AC current was applied by connecting the voltage output of the internal oscillator of the lock-in via a 2 MΩ or a 4 MΩ bias resistor to one of the two contacted voltage probes of the Hall bar, while the other was grounded. All other contacts were floating. The frequency of the AC current ranged from 277 Hz to 757 Hz.
C. Effect of finite RC time
While there was no qualitative dependence on the frequency of the applied AC current, the actual current amplitude applied to the device varied with the frequency due to a finite RC time in the system. The finite RC time mainly originates from the combination of capacitance in the connection (stray capacitance and capacitance present in filters) and the device resistance. The finite RC time results in an attenuation of the amplitude of the current flowing in the device and a phaseshift in the current excitation. All presented images are corrected for the phase shift in the lock-in signal (inand out-of-phase signal of the lock-in are recorded). We characterized the RC response by measuring the voltage across the device as a function of frequency and voltage applied to the top gate (which changes the device resistance) and by determining the phase shift we detect in the flux images. This provides an estimate of the current amplitude at the device. For images taken at positive top gate voltages at which R 2T is low, the RC time is shortest and hence has the least effect. Here, the estimate of the current is the most accurate and can serve as a reference for images taken at higher R 2T : from knowing the amount of current that flows in one flux image we can determine the amount of current flowing in any other image taken at the same height by using the fact that a flux profile through one of the Hall bar contacts several tens of microns above the Hall bar (see e.g. Fig. S5b,d ) is only weakly dependent on how the current distributes in the Hall bar. The factor used to scale these flux profiles such that they coincide from image to image is equal to the relative change in current flowing in the different images. The estimate of the current we obtain in this way is used in the main text, apart from Fig. 3 where we rescale with the nominally applied current, because we have not imaged the full Hall bar at each temperature. The RC times were more significant for measurements of H1 performed in our dilution refrigerator due to a large capacitance in the filters through which the wires to the contacts were passed. In the main text we normalize the magnetic (flux) and current images and profiles by dividing by the applied rms current amplitude, which we determine as just described. Therefore the units for all magnetic images and profiles are mΦ 0 /nA and 1/µm for current images and profiles. This makes comparison of images and profiles taken at different current amplitudes more convenient.
II. CURRENT INVERSION
In this section we describe in more detail how we obtain the current distributions J x and J y from the flux images. We assume that the current density in the Hall bar is two-dimensional and quasi-static (∇J = 0). Twodimensional current flow implies, that the current only flows in a thin sheet of thickness d (here assumed to lie in the x-y plane at z = 0), such that J z as well as the z-dependence of J x and J y within the sheet can be neglected. Both are justified assumptions given the frequencies at which the measurements are done and the thickness of the quantum wells. The scanning SQUID is sensitive to the z-component of the magnetic field generated by the two-dimensional current density at the scan height z 0 d above the sheet, which is given by the Biot-Savart law :
where J x and J y are in units A/m. For two-dimensional and quasi-static J x and J y eq. 1 can be inverted. Here we perform the inversion in Fourier space as described in Ref. 26 with only one modification as described in the following.
We measure the amount of flux B z generates in the SQUID pickup loop at each position. The detected flux φ(x, y) is given by a convolution of B z (x, y, z 0 ) with the geometry or more precisely the point spread function (PSF) of the SQUID pickup loop, P SQUID (x, y):
(1) We determine P SQUID (x, y) from images of isolated vor- tices in a bulk superconductor taken with a nominally identical SQUID (see Fig. S2 ). Since the penetration depth of the superconductor is much smaller then the size of the pick-up loop, the magnetic field generated by a vortex can be approximated by the field generated by a point-like magnetic monopole one penetration depth below the surface of the superconductor. 
where k max x and k max y are the cut-offs along x and y. After low-pass filtering we obtain J x (x, y), J y (x, y) by inverse Fourier transform. In practice we use the Fast Fourier transform function provided by Matlab. The deconvolution is accompanied by systematic errors which we will discuss in the following. First, the Fast Fourier transform introduces ringing artifacts into the real space image, as can be seen e.g. in data sets in which a noise spike occurred during scanning (see images in table II-IV). Second, the finite size of the image causes boundary effect. The Fast Fourier transform implicitly assumes periodic boundary conditions. Therefore especially the top boundary of our images, where large signals from the Hall bar contacts are present, causes strong ringing. To reduce this effect we pad out each image to a larger size (typically double the size) and linearly extrapolate the flux signal to zero. The finite size of the image introduces another error: the inversion method gives by construction a current density that fulfills ∇J = 0. However, in the original image the current is not conserved at the top boundary, at which the current flows in and out of the images via the contacts. While ∇J = 0 is a local condition, it implies globally that S J dS = 0 for any contour S within the image. To fulfill this condition the current inversion produces finite current density outside the Hall bar. We subtract an offset from each J x and J y image to reduce this effect. This is justified, since a constant offset corresponds to the Fourier component at k x = k y = 0 which is not well defined for a finite size image. In addition to artifacts from the Fast Fourier transform and the finite image size sources of systematic errors are uncertainty in the scan height (absolute value as well as a small gradient throughout the image), errors in the point spread function (which by itself is obtained by deconvolution of a vortex image) and a small angle in between the plane of the pick-up loop and the plane of the Hallbar. A quantitative indication for the quality of the current inversion is that integration of the current profiles shown in Fig. 2 c,d along y yields the correct amount of total current through the Hallbar (estimated as described in section I) within ±5 %. Note that all current profiles shown here and in the main text are rescaled by the estimated applied current and are therefore in units 1/µm. In Fig. 2 and Fig. 3 we fit current and flux profiles with edge and bulk contributions to determine which percentage of the current flows along the edges and through the bulk. Here we describe the fitting procedures in more details.
A. Fitting of the current profiles shown in Fig. 2 Position along y (μm) , corresponding to the cases that 100 % of the current flows along the top (blue) and bottom (green) edge and through the bulk (red). These are used for fitting the line cuts of the current density along x, Jx shown in Fig. 2 c,d . b, Shown are examples of the current profiles from :
Each contribution is normalized such that they correspond to 100 % of the current flowing through the top edge, the bottom edge and through the bulk respectively. J Prior to fitting we also normalize each current profile in the same way. We have fitted the current profiles both with three independent parameters F top , F bottom and F bulk as well as with two independent parameter by imposing F top + F bottom + F bulk = 1. The results for F top , F bottom and F bulk are the same within less then 5 % whether or not we impose this condition. Fig. 2 e and f are based on fits in which we impose F top + F bottom + F bulk = 1. By construction the fit returns very low amplitudes F bulk at top gate voltages at which the transport is dominated by edge conduction. We estimate the amount of current flowing through the bulk at those top gate voltages (e.g. V TG = −0.49 V) to be less than 5% based on integrating the current density in between the two current peaks at the edges. The ringing (section II) imposes limits on how small edge contributions can be reliably detected. We therefore limit the axis in Fig. 2 g which shows the effective resistances of the edges and the bulk. The qualitative results of this analysis are robust against the details of the fitting procedure and its systematic errors. Fig. 3 For the temperature dependence shown in Fig. 3 we have not imaged the full Hall bar at each temperature. We therefore cannot apply the current inversion. Instead we directly fit the flux profiles, φ, with a sum of three flux profiles, φ top , φ bottom , φ bulk (see Fig. S4 a) . These profiles correspond to 100 % of the current flowing through the top edge, the bottom edge and the bulk. The profile corresponding to 100 % current flowing through the bulk is obtained from a scan at a top gate voltage far off the resistance peak. The profiles corresponding to 100 % of the current flowing through either only the top or only the bottom edge are obtained from simulations taking the Hall bar geometry including the contacts into account. More specifically, we simulate the current densities by solving Poisson equations with a potential difference between the contacts. We assume a thin conducting strip along either the top or the bottom path of the top gated part of the Hall bar for the case of edge conduction. The part of the Hallbar that is not top gated is assumed to be a homogeneouslsy conducting sheet. Using the BiotSavart law, we calculate the z-component of the magnetic field at the scan height from the current density. Finally we convolute the magnetic field with the point spread function of the SQUID (see Fig. S2 ). We fit each flux profile in Fig. 3 with a sum 
B. Fitting of the flux profiles shown in
To obtain the percentage of the current in flowing through the bulk and along the edges, F top , F bottom , F bulk , we normalize the amplitudes after the fit: 
IV. DEPENDENCE ON CURRENT AMPLITUDE
The flux images and profiles presented in the main text are taken at different current amplitudes which are higher than typically applied in a transport measurement. Specifically, the flux image in Fig. 1d was taken with an rms amplitude of approximately 500 nA and the image shown in Fig. 1e at approximately 140 nA. Images shown in section VI and the corresponding profiles shown in Fig. 2 were taken with current amplitudes ranging from 140 nA and 500 nA, apart from the image at V TG = 0.1 V which was acquired at an amplitude of 1 µA. The lowest applied amplitude in that image series corresponds to the highest R 2T due to the finite RC time in the system (see section I), since all images apart from the one at V TG = 0.1 V were taken at 277 Hz and the same output amplitude from the lock-in amplifier. the device is given by R 2T · I applied , where R 2T is the two-terminal resistance icnluding contact resistance and I applied the amplitude of the current. For all images shown in Fig. 1 and 2 this interval is smaller then 30 mV. From this argument and measurements as shown in Fig. S5 we find that our conclusions are not affected by the non-linear behavior occurring at high applied current amplitudes.
V. GATE DIELECTRIC INDUCED DISORDER
Fig . S6 shows the two-terminal resistance and magnetic images of Hall bar H1 taken in a different thermal cycle as described in the main text. We believe that the large-scale inhomogeneity is caused by inhomogeneous charge in the gate dielectric caused by an unintentional electrical shock to the top gate.
VI. IMAGE SERIES ON HALLBAR H1 AND H2
In Fig. 2 we only show line cuts of the magnetic images and images of the current densities at a few values of the top gate voltage. Here we show line cuts of the current density along x at the same and additional values of the top gate voltage (Fig. S7a) , as well as line cuts corresponding to a different position along the Hallbar (Fig. S7b) . Table II and III show part of the image series from which the profiles shown in Fig. 2 are extracted. As discussed in the main text, at values of the top gate voltage corresponding to the flanks of the resistance peak the amount of current flowing along the edge changes along the Hall bar and some inhomogeneity is present (see images in table II, III as well as the difference between Fig. S7 a and b) . Interestingly, a small region at the top and close to the middle of the Hall bar is visible, which stays conductive in a range of top gate voltages on the p-side at which the rest of the bulk is already insulating, but stays insulating over a range of top gate voltages on the n-side at which the rest of the bulk is already conducting (see gray dashed box in table II, III). In table IV we show an image series taken on Hall bar H2 (table IV). 
